
= molar flow rate of nitrogen through downstream side 

= molar flow rate of nitrogen through upstream side of 

= flux of species i 
= flux of sulfur dioxide in absence of chemical reactions 
= flux of sulfur dioxide through water films 
= total alkaline sodium concentration (acid neutralizing. 

= total pressure 
= mole fraction of sulfur dioxide indicated by Meloy 

t ~ s o ~ , ~  = mole fraction sulfur dioxide in gas phase at x = 0 

of cell 

cell 

capacity) 

sulfur analyzer 

and x = 1 

Subscripts 

bl 
eq = equilibrium‘ theory 

= boundary layer theory (NEBLA) 

Supancript 

= dimensional variable or parameter 

Gllwk Letturn 

Yi 
60 

8, 
CL = solution viscosity 
@ = electric field potential 

= activity coefficient of species i 
= boundary layer thickness near I = 0 
= boundary layer thickness near x = 1 
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Aerosol Behavior in The Continuous Stirred 
Tank Reactor 

The basic features of aerosol behavior in the CSTR are examined. Solutions 
are obtained for the steady state aerosol size distribution during simultaneous 
coagulation, particle growth by vapor condensation and new particle formation by 
nucleation. Explicit distributions are shown for the case of a monodisperse feed 
aerosol. 
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and 
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SCOPE 
Studies of particle formation and evolution in combustion 

systems and in laboratory simulations of atmospheric chemis- 
try sometimes involve the use of a CSTR. The interpretation of 
aerosol size distributions in a CSTR requires the development 
and solution of the general population balance equation appli- 
cable to that system. The phenomena that must be considered 
include coagulation, particle growth by vapor condensation 
0001-1541-8~39040610-~00.75. OThe American Institute of Chemical Engineers, 
1980. 

and new particle formation by vapor nucleation. Because the 
general problem of aerosol behavior in the CSTR does not 
appear to have been studied previously, an examination of the 
qualitative features of the steady state size distributions that 
may be achieved is deemed an appropriate first step to a more 
in depth analysis. Of particular interest is the elucidation of the 
effects of varying residence time and the characteristic times 
for coagulation and growth by condensation on the size distri- 
butions attained. 

Poae 610 Julv, 1980 AlChElnurnnl Wnl 76 Nn A\ 



CONCLUSIONS AND SIGNIFICANCE 

A general solution for the steady state aerosol size distribu- 
tion in a CSTR is obtained for an arbitrary feed aerosol size 
distribution and for kinetic coagulation coefficient and particle 
growth rate that are independent of particle size. The object of 
the analysis is to demonstrate the qualitative features of the 
size distribution, and, consequently, the simplified functional 
forms of the coagulation and growth coefficients were chosen so 
as to enable exact solution of the governing equations. The 
solution is explicitly illustrated for a monodisperse feed 
aerosol. Mthough the assumption of a constant coagulation 
coefficient is valid in certain instances, that of a size indepen- 
dent growth rate is not. Thus, the case of growth rate linearly 
proportional to particle volume is investigated as a perturba- 

tion to the constant growth case to determine the qualitative 
effect of the size dependent growth rate. Although simulation 
of a specific system will generally require numerical solution of 
the aerosol balance equation employing the proper detailed 
expressions for the coagulation and growth coeffkients, the 
solutions presented here provide an indication of the expected 
behavior of the size distribution as residence time and other 
physical parameters are varied. In addition, the dimensionless 
groups governing aerosol behavior in a CSTR are defined. The 
groups indicate that for any system of this type, the relative 
magnitudes of the characteristic times for growth, coagulation 
and reactor residence will strongly influence the expected size 
distribution. 

Understanding the processes associated with particle forma- 
tion and evolution in combustion systems and in laboratory 
simulations of atmospheric chemistry requires consideration of 
aerosol behavior in typical chemical reactor configurations, par- 
ticularly the continuous stirred tank reactor (CSTR) and the 
tubular flow reactor. The object of this work is to elucidate the 
basic features of aerosol behavior in the CSTR. 

A variety of physical and chemical phenomena influence the 
size distribution of aerosols, including coagulation, growth by 
condensaiion of gases on the particles and formation of fresh 
particles by nucleation. In this work, we consider a general 
situation in which an aerosol of known size distribution is intro- 
duced into a CSTR together with a vapor species capable of 
transferring to the aerosol by condensation or of nucleating to 
form new particles. Thus, simultaneous coagulation, growth and 
new particle formation may occur in the reactor. 

The equations governing the steady state aerosol size distri- 
bution and vapor concentration are presented and nondimen- 
sionalizecl. A general solution of these equations is then ob- 
tained for the case in which the kinetic coefficient ofcoagulation 
is independent of the sizes of the two particles and in which the 
rate of growth of an individual particle by condensation is inde- 
pendent of the size of the particle. The solution is explicitly 
illustrated for a monodisperse feed aerosol. Although the as- 
sumption of a constant coagulation coefficient is valid in certain 
instances, that of a size independent growth rate is generally 
not. Thus, the case of growth rate linearly proportional to parti- 
cle volume and a monodisperse feed aerosol is then investigated 
to determine the effect of size dependent growth rate on the 
steady state aerosol size distribution. 

EQUATIONS DESCRIBING GAS-AEROSOL BEHAVIOR IN A CSTR 

Consider a CSTR operated at steady state in which an aerosol 
ofknown size distribution is fed into the reactor together with a 
gas, which condenses on the aerosol. The aerosol is charac- 
terized by its size distribution function n(u), where n(u)du repre- 
sents the number density of particles having volumes between u 
and u + do. The molar concentration of the gas is denoted by c .  
Gas at concentration co is continuously introduced into the 
reactor at volume flow rate 4 together with an aerosol of size 
distribution no(u). The gas-aerosol system undergoes the follow- 
ing processes: condensation of the gas on the aerosol particles, 
homogeneous nucleation of the gas to produce new particles of a 
given volume uo and coagulation or coalescence of aerosol parti- 
cles to form larger particles. 

Let So+) be the rate offormation ofparticles by nucleation and 
Z(v) = c,flv) be the growth rate of a particle of volume v by 
condensation. The form cfu)  assumes that condensation is ir- 
reversible, a good assumption for low vapor pressure gaseous 
species. Conservation of mass for aerosol and gas gives 

+ 10-12 (G) vuoso(c) (1) 

- Vn(u) j;B(u, qn(qdG = 0 (2) 

We note that the factors of lO-"appear because particle volume 
is expressed in pm', whereas density has units of g crnp3. It has 
been assumed that the total aerosol volume is small compared to 
that of the gas, so that the total volumetric flow rate for the 
mixture of gas and aerosol may be replaced by that of the gas 
alone, 9 .  Unless the density of aerosol particles is extremely 
high, the right-hand side of Equation (1) will be negligible, and 
the gas concentration c will be the same as the feed gas concen- 
tration co. In any case, we will henceforth suppose that c is 
known and deal only with the aerosol balance, Equation (2). The 
boundary condition on (2) is 

(3) n(0) = 0 

All realistic distributions will also satisfy the condition n(u) = Oas 

Because of the complex dependence of the coagulation 
coefficient p(u, q and the condensation function f(u) on the 
particle volume u, (2) must generally be solved numerically. In 
the present study, however, we are interested in elucidating the 
qualitative features of the solutions to (2) and for this reason will 
consider constant coagulation coefficient p(u, 6) = and size 
independent condensation rateflu) = a,. The validity of these 
assumptions has been discussed elsewhere (Ramabhadran et  al., 
1976). We note, in particular, that the assumption of constant p 
is physicalIy realistic in the initial stages ofBrownian coagulation 
of a monodisperse aerosol. However, the assumption of size 
independent growth is not in general obeyed. Usually, flu) can 
be expressed asf(u) = uvuy, 0 I y 5 1 (Ramabhadran et  al., 
1976). 

0 -+ 00. 

With the above assumptions, (2) becomes 

.m 1 
2 

Vcu0,n'(u) = - V/3n*n(u) - Vpn(u) I, n(qdo 

where 
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Figure 1. Dimensionless size distribution g(x) for monodisperse feed ond 
no coagulation: K = 0, a = 0.5, OJ = 0.5, xo = 0.2. 

n * n ( ~ )  n(u - 4n(6) dG l 
and So E So@) .  

aerosol 
We introduce the total number and volume densities of the 

I- I.m 

N = n(u) du No = no(u) du 
Jo 

vo = lo uno(u) do 
.m 

JO 

du 

and the following dimensionless groups, LY = 6 c u o N d v o ,  K = 
PON, w = O S d N ,  where the mean residence time 6 = Vlq. a, K 

and w are'ratios ofresidence time to characteristic condensation, 
coagulation and nucleation times, respectively. 

Dimensionless particle volume and aerosol size distribution 
are defined as 

x = N o v l v o  

Then, (4) becomes 

C y g ' ( 4  = 
1 

Kg*& - (1 + M X )  

+ + 0% - xo) (5)  
Note that the feed distribution go(x) and the nucleation term 
os(x - x,,) play equivalent roles in (5); so, for simplicity, we 
combine them, setting g,(x) = go(x) + wS(x - xo). 

It is necessary to evaluate the steady state number density N .  
By integration of (4) from 0 to 00 and solution of the resulting 
quadratic equation for N ,  one obtains 

(6) 

Subsequently we shall be interested in a monodisperse feed 
distribution no(v) = No6(u - uf). Using (6), we find that 

1 
N = -[dl + ZPt'(N0 + 6So)  - 11 

PO 

(7) 

STEADY STATE SOLUTIONS 

In this section we examine solutions of the material balance 
(5). First we consider special cases in which one or more of the 
physical processes is unimportant. 

No Cwgulotion; K = 0 

In the absence of coagulation, the aerosol fed to the reactor 
grows by condensation, and fresh aerosol forms by nucleation. 
There is no particle-particle interaction. Equation (5) can be 
easily solved to yield 

g(x) = -!L [ fe-v/'go(x - y) dy + oU(x - xo)e-(z-rO)/a 

where U is the unit step function 

LY 

For a monodisperse feed, go is given by (7), and 

1 
(9) 

Figure 1 shows g(x) for 0 < xo < 1. Physically, we note that the 
size distribution g(x) exhibits two peaks corresponding to the 
sizes of the feed aerosol (x = 1) and that freshly formed by 
nucleation (x = xo). The distribution spreads toward larger 
sizes because of the condensation growth. The peak at x = 1 is 
higher than it would be in the absence of nucleation because 
some of the smaller particles have grown by condensation to 
sizes >-I and augment the feed aerosol. The degree of spreading 
of the dhribution is controlled by the dimensionless parameter 
a, which depends upon the residence time 8. 

1 g(x) = ;{(I - w)V(x - l)e-(S-l)/a + wU(x - x o e  ) + s - s ~ ) ~ O  

No Nucleation; o = 0 

When nucleation may be neglected, (5) becomes 

Equation (10) can be solved by Laplace transformation (see 
appendix) to yield the general solution for the aerosol size distri- 
bution 

where 

(12) +k(x) = X2ke-(1+ K)Z')ol 

and g t k  denotes the k fold convolution of go defined by 

gZk(4 = g$gZ ' . . *gob-) 

Again, if the aerosol in the feed is monodisperse, so that go(x) = 
(1 + 1/2~)8(31 - I), then 

,$(k+l)(,) = (1  + +)Xtl 6[X - (k + l)]  

and 

U[x - (k + 1)]e-ll+~)t5-(k+l)l/~ 

The resulting distribution is thus 
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Figure 2. Dimensionless size distribution g(x) for monodisperse feed and 
no nucleation: K = 1 and 2, (Y = 0.25, w = 0. 

To observe the physical significance of this solution, let us 
examine the case in which a << 1, that is, when the characteris- 
tic time fix condensation is large relative to the residence time. 
For small a, the function 

v[x __ (k + I)] [* - (k + l)]"e-"+*["-(k++)~lla,/a*+ 1 

which appears in the kth term of the series for g ( x )  is sharply 
peaked near x = k + 1. The area beneath the peak is (2k)ll(l + 
K)*+', so that the above function behaves like (2k)!6[x - ( k  + 
l)y( 1 + K)=+'. It then follows that the distribution behaves like 
the solution of (5) when a = w = 0: 

In fact, this solution consists simply of a series of spikes a t  x = 1, 
2, 3, . . . Physically, this is plausible because coagulation is the 
only process by which the distribution evolves. Since the di- 
mensionless feed distribution consists only of particles of size x 
= 1, only integer multiples of this size will result. If a is nonzero 
but still small, roughly the same distribution will be  obtained, 
that is, peaked at  the positive integers, but with some spreading 
toward larger sizes due to condensation. If a is sufficiently small, 
the peaks will be sharp and will not significantly overlap. Con- 
sequently, the distribution can be constructed by taking each 
term in thie series individually. Thus, the peaks occur at approx- 
imately x = (k + 1) + 2ka/(1 + K) ,  k = 0, 1, 2, . . The 
increased shift of the peaks at larger particle sizes results be- 
cause, on the average, the larger particles have remained in the 
reactor longer and thus have had a longer time during which to 
grow. Figure 2 shows the distributions corresponding to a = 
0.25, and K = 1 and 2. 

0.lmOl solution 

Now consider the case in which all processes occur. The 
general solution of (5) is given by (ll), with go replaced by g, = go 
+ WS(X - xo): 

Once again, consider the monodisperse feed distribution (7), in 
which case the size distribution in the CSTR is 

- (x-rj+(k+l-j)*o]} 

(18) {x - b+ (k + 1 -j)x0]}"e 7 

g ( X I  
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Figure 3. Dimensionless size distribution g(x) for monodisperse feed, 
including effects of coagulation, condensation and nucleation: K = 2, (Y = 

0.05, 0 = 1, XO = 0.2. 

As before, for small a (small condensation rate), the distribution 
approaches a sequence of delta functions 

( k;l ) (1+ + n - w ) ' w k + ~ - ~ s { X - ~ + ( k + l - j ) ~ o ] }  

(19) 
The peaks in  t h e  distribution (19) occur a t  all points 

j+(k+l-j)xo, k=0,1,2,  . a ., j=0,1,2, . . ., k + l .  These points 
correspond to all possible sizes that can be formed by coagula- 
tion ofparticles initially of sizes 1 and xo. For each value of k, the 
peaks atj+(k+l-j)xo represent the possible ways in which k+l 
particles in a mixture of sizes 1 and xo may combine. 

If a 20, the peaks are spread somewhat and shifted owing to 
condensation. Under the assumption that a is small enough so 
that the  peaks do not overlap substantially, the peak at  
x = j + ( k + l - j ) x o  is shifted to the right by 2kud(l+~). 

X 

figure 4. Dimensionless size distribution g(x) for monodisperse feed, 
including effects of cwgulotion, condensation and nucleation: K = 2, a = 

0.25, 0 = 1, X O  = 0.2. 
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I t  is interesting to note that for each k, the k + l  peaks at  
j+(k+l-j)x, forj=0,1, . . ., k + l  are distributed binominally. 
This is precisely the distribution one would expect from random 
combination of particles of sizes 1 and xo originally in the ratio 
NdOSo = (1 + 1/2 K-w)/o.  This phenomenon is illustrated in 
Figure 3, in which N d B S o = l ,  and the peaks at 0.4, 1.2 and 2.0, 
corresponding to the three possible two-particle combinations, 
have the magnitude ratios 1:2:1. Similarly, the peaks near 0.7, 
1 .5 ,2 .3  and 3, corresponding to all three-particle combinations, 
have the ratios 1:3:3:1. 

As a increases, eventually the peaks overlap, as shown in 
Figure 4. Only the peaks at xo and 1 retain their distinctiveness. 

ANALYSIS FOR SIZE DEPENDENT GROWTH RATE 

In the previous section, it was assumed that the condensation 
growth rate of a particle was independent of its size; that is, I(u) 
= o,c. Although this assumption enabled us to elucidate the 
general features of the CSTR size distribution, particle growth 
rates are, in general, a function of particle size. For  a 
monodisperse feed distribution we have seen that the effect of 
condensation with a size independent growth rate is to spread 
and shift to the right the peaks in the size distribution resulting 
from coagulation. The greater spreading of the distribution at 
larger sizes was seen to be due to the longer residence time of 
the larger particles. With a size dependent growth rate of the 
form f(u) = cuyuy, 0 < y I 1, we expect an even greater 
spreading of the distribution at larger sizes, but without a qual- 
itative change in the nature ofthe distribution. In this section we 
consider the growth rate I(u) = cuIu, which represents the 
maximum growth rate possible. The physical basis for such a 
growth rate has been discussed by Gelbard and Seinfeld (1979). 
In short, one obtains this expression when particle growth is 
chemical reaction controlled. 

The aerosol material balance is 
.m 1 

2 culun’(u) + ca,n(u) = - /3n*n(u) - pn(u) @da 

where we have now dropped the nucleation term because of the 
equivalence of feed and nucleation sources demonstrated previ- 

The equation is nondimensionalized as before with the excep- 
ously. 

tion that the condensation parameter a is now defined as 

a =  l9CUI 

In dimensionless form, (20) is 

Equation (21) is not amenable to solution by Laplace trans- 
formation. Therefore we will explore the behavior of g for small 
a. The important qualitative features of the solution will emerge 
in this case. We consider the monodisperse feed distribution 
go(x) = (1 + 1/2 -K)S(x-l). 

When a=O, the solution is, as we know, entirely discrete. For 
small a>O, there will be some spreading introduced into the 
distribution, the spreading increasing with particle size. Be- 
cause of the fundamental change in the character of the solutions 
from a=O to a#O, the  analysis of the case of small a leads to a 
singular perturbation problem. This behavior is also reflected in 
the fact that the perturbing term ag ’ (x )  is not small when x is 
near a natural number, since there g’(x) is very large. 

Since nonzero values of g are expected to occur in small 
regions about each natural number k, we replace the term 
a g ’ ( x )  in (21) by a k g ’ ( x )  for x near k. To begin, let us obtain an 
expression for the size distribution of the first peak, x = l .  Let 

represent this function. Note that no particles which have 
undergone coagulation will be in the size range of the first peak. 

Consequently, to obtain JI1, we may drop the term 1/2 g*g(x) in 
(21). The term xg’(x) is replaced by g‘ (x )  since x= 1, and we drop 
the term ag(x) since it is negligible compared to ( l + ~ ) g ( x ) .  
Hence, is governed by 

1 
2 (Y$;(X) = - (l+K)$l(X) + (1 + -K)S(Z-l) (22) 

Equation (22) may be solved to yield 

The function of (23), describing a sharp peak at x=l, is, in 
fact, identical to the first term in the series (15). This is physically 
plausible, since near x=l the constant and linear growth terms 
are nearly the same. 

If, however, we choose not to replace xg’(x) by g ’ ( x ) ,  the 
equation governing is 

the solution of which is 

The function in (23) is, however, an asymptotic approximation to 
this function, for if 0 ~ x - l ? & ,  then x-l/c-e-(x-l)/‘ as E+ 
Of. Outside this asymptotic region, both functions are essen- 
tially zero. For the sake of simplicity, however, (23) is the 
preferred expression, so we shall employ it in subsequent calcu- 
. lations. 

We now turn to the calculation of JiZ, which is the distribution 
near the peak at x=2. We set x=2 in the coefficient of the first 
term, in (21). Now we must retain the coagulation term, because 
coagulation is the principal mode by which particles of size x 2 2  
are formed. Nevertheless, this term can be simplified since the 
full term 1/2 K ( + ~ + $ ~ ) * ( + ~ + $ ~ )  may be  approximated by 
I / ~ K $ ~ * $ ~  near x=2. Hence, the governing equation for $’ is 

2a$;(x) = ~ - K $ I * $ I ( X )  - (1+-K)$z(x) (26) 
1 

the solution of which is 

The calculation of J13 and subsequent functions proceeds in an 
analogous manner. In the case of G3, the coagulation term con- 
tains only the convolution products of +] and +2, since only these 
contribute significantly to the peak near r=3. The equation for 
$3 is 

the solution of which is 
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Figure 5. Comparison of dimensionless size distributions resulting from 
constant ond linear condensation rates, f(v) = uo and f(v) = ulv ,  respec- 

tively, ond monodisperse feed: K = 1, a = 0.05 in both cases. 

7Kz( 1 + 4 K ) 3  -E..!k +3) + (x-3)  e 8cy'( l+~)~ 

I 1 \ 3  

The sum JI1 + & + J13 represents the solution to (21) for the 
first three peaks in the distribution. The only limitation in this 
analysis is that the peaks must be sharp and the distributions 
about each peak must not overlap. As i increases, the peaks of 
the Jli tend to broaden, so that at a certain point this approach is 
no longer valid. Nevertheless, the first few peaks in the distribu- 
tion provide an indication of the differences between the cases of 
size independent and size dependent particle growth rates. 
Figure 5 shows the distributions in these two cases. We see, as 
expected, that the effect of a linear size dependent growth rate is 
an acceleration of the broadening and a shift to the right of the 
peaks. 

CONCLUSlONS 

The qualitative features of aerosol formation and growth in a 
CSTR have been studied. Exact analytical solutions have been 
obtained to the aerosol balance equation in the case in which the 
kinetic coagulation coefficient and the particle growth rate by 
vapor condensation are independent of particle size. A pertur- 
bation solution has also been obtained for the case of linear 
volume dependent particle growth and a monodisperse feed 
aerosol. 

The assumptions required to obtain these solutions are sim- 
plified, but they may nevertheless be useful in understanding 
the qualitative features of real systems, and in the case in which 
the feed is monodisperse and Brownian coagulation is occurring 
in the reactor, these solutions may, in fact, be reasonable ap- 
proximations to the actual size distributions. 

In addition, the important dimensionless groups governing 
aerosol behavior in a CSTR have been elucidated. These groups 
are ratios of characteristic times for coagulation, condensation 
and nucleation to the mean residence time and can be expected 
to play an important role in aerosol systems even when the 
simplifying assumptions employed here do not apply. 
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APPENDIX: SOLUTION OF EQUATION (10) 

The aerosol balance equation is 

1 
2 

Application of the Laplace transform to (Al)  gives 

1 
2 

'%'(X) = - Kg*&) - K)g(r) + g o ( X )  ('41) 

wG(s) = - K G ' ( ~ )  - ( l + ~ ) G ( s )  + G,(s) ('42) 

where 

Equation (A2) may be readily solved for G(s), and we obtain 

where /Z = (as+ I+K) .  Taylor expansion of C(s) in powers of Go(s) gives 

If we denote by 4 the function defined by 

& ( X )  = r"e a 

( I + K )  
--X 

and +tk denotes the k fold convolution of c$o. Since under the Laplace 
transform, 4 0  + ale, we see that 

or, equivalently, that 

1 
4- 

4k+  1 

(Zk+2)!a"+' (w+3 

Thus, termwise inversion of (A4) gives 

NOTATION 

C 

;o, 

g(x) 

= vapor concentration, g-mole cm-3 
= vapor concentration in feed, g-mole cm-3 
= volume function appearing in I(o), ayvy, ptn3s-l (g- 

= dimensionless size distribution function 
mole cm-y-' 
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= rate of change of the volume of a particle by vapor 

= molecular weight of the gas, g mole-’ 
= size distribution function / . ~ r n - ~  cm-3 
= size distribution function of feed aerosol, pm-3 cmW3 
= total aerosol number concentration, 
= total aerosol number concentration in feed, 
= volumetric flow rate through CSTR, cm3s-‘ 
= rate of formation of particles by nucleation, 
= unit step function 
= particle volume, pm3 
= volume of feed aerosol, pm3 
= volume of particles formed by nucleation, p m “  
= CSTR volume, cm3 
= total aerosol volume concentration, / . ~ m ~ c r n - ~  
= total aerosol volume concentration in feed, ~ m ~ c m - ~  
= dimen_sionless particle volume, NouIVo 

condensation, pm3s-’ 

s-’ 

= NOudVo 

Greek Letters 

a = O C ~ U & ~ ~ ~  or 8cou, 
P(v,6) = coagulation coefficient, cm3s - I  

= exponent in growth rate expression 
= Dirac delta function 
= VoS(v)/No 

= PON 
= liquid density of aerosol particles, g cm-3 
= constant in expression for Ju),  pm3-3Y s-’(g-mole 

cm-3-l 
= size distribution around ith peak in the size distribu- 

tion 
= OSdN 
= convolution operator 

= Vlq 
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Adsorption of Methane and Several 
Mixtures of Methane and Carbon Dioxide 
at Elevated Pressures and Near Ambient 
I emperatures on 
Sieves by Tracer 
C hromatography 

5A and 13X 
Pertu r ba t ion 

The principles of tracer perturbation chromatography were applied to mea- 
sure the sorption of pure methane and several methane-carbon dioxide mixtures 
on SA and 13X molecular sieves at  near ambient temperatures to pressures in 
excess of 7 MPa (1 000 lb/in?abs). The molecular sieves studied were industrial 
grade zeolite crystals pelleted with 20 wt % clay binder. 

The statistical mechanical model of Ruthven was applied to both pure methane 
and to several mixtures of methane rich, methane-carbon dioxide mixtures from a 
few MPa (50 lb/in?abs) to pressures as high as 10.34 MPa (1 500 lb/in. 2abs) at  near 
ambient temperature. While the theory appears to correlate the data well even at 
high pressures, some limitations of the theory begin to appear for the mixtures of 
higher dioxide concentrations. 

SCOPE 
The extent, range or scope of the foregoing work covers the 

competitive adsorption of binary mixtures of dissimilar gases at 
elevated pressures. Although industrial adsorptive processes 
usually take place at  elevated pressures involving mixtures, 
high pressure adsorption data of gases on molecular sieves 
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have seldom been reported (Lederman and Williams, 1964). 
Choosing tracer perturbation chromatography as the tech- 
nique, Gilmer and Kobayashi (1965) measured the adsorption 
of methane and several mixtures of methane and carbon 
dioxide up to 7 MPA (1 000 Jb/in.2abs.). Data are taken to allow 
a clear distinction to be-fnade between Gibbs and absolute 
adsorption. The study includes the prediction of pure compo- 
nent and mixture adsorption K values by the Ruthven model 
(1971, 1975, 1976) for methane and carbon dioxide over the 
range of pressure covered in this work. 
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